Résumé. 2014 On présente les méthodes permettant de 
Abstract. 2014 Methods to deduce the parameters of a multilayer X-ray mirror from its reflectivity curve are reviewed. Inversion methods are successful for coatings with few layers and give the thickness of each layer and the roughness of each interface. A statistical description of the coating is used for coatings with many layers, and simple formulas are given to derive the average thickness error and boundary roughness in a multilayer mirror.
Revue Phys. Appl. 23 (1988) 1687 The motivation for the work described in this paper was the desire to characterize a coating in such a way that the necessary improvements for fabrication of coatings with better performance could be obtained from this characterization. The performance of a coating is mostly limited by two parameters, the quality of the interfaces, and the thickness errors of the layers, and it is important to determine these parameters separately.
2. Multilayer theory.
Calculation of the reflectivity and transmission of a multilayer structure is straightforward and treated in any text-book on optical thin films [1] . One (8) [4] .
By using equation (8) for the calculation, we assume that equation (7) (7) and appear as a factor in the second term of the nominator in equation (8) . The For the characterization of a multilayer coating reflectivity measurements at short wavelengths in the X-ray region are preferred over measurements at soft X-rays, because they offer the potential to obtain data over a larger q range (Eq. (9) [9] . Absorption in the film is described by the imaginary part of q. The period of the oscillation in real q-space Aq or in angle of incidence is given by Films with larger thickness produce faster oscillations and require better collimation and monochromatization of the incident beam and higher precision in the goniometer. Because the reflectivity of a perfect interface decreases proportional to 1/sin4 00, for all materials, the average value and the amplitude of the oscillation decrease with the same function.
Rough boundaries can be recognized by a faster drop. The contrast of the oscillation is largest (100 %), when both boundaries contribute with the same weight to the reflectivity (|r0|2 = |r1|2 in equation (21)) and decreases when the contributions become unbalanced. In figure 3 the top boundary has a higher Fresnel reflection coefficient ; in addition, the contribution of the bottom boundary is attenuated by absorption. The [10] , and additional references to early workers are found in reference [11] .
Henke et al. [12] [14] to modify the coating parameters until a minimum in the merit function is reached. Figure 4 gives the result of such a minimization for a 11-layer coating of ReW-C [15] . transformation of the reflected amplitude r(q) in equation (14) . However, measurements give only the intensity I = r(q) . r*(q) over a limited range of q values. A Fourier transformation of the measured intensity gives the weight with which different distances in the structure contribute to the reflectivity, but not the structure itself. Figure 5 gives an example. The input were the calculated R (q ) curves for the periodic multilayer of figure 1 and that [18] .
In the plots in figure 1 [19] . Furthermore, the phase function has to be chosen in such a way that r(z) = 0 outside the multilayer coating [17] . In The influence of thickness errors and roughness on the performance of an X-ray mirror is demonstrated in the model calculations of figure 6 , which should be compared to the reflectivity of the perfect mirror in figure 1 . We recognize the following behaviour :
(1) both, thickness errors and roughness reduce the peak reflectivities and the higher order maxima are more strongly affected than the first order peak ; (2) (24) and (25) where m is now the order of a reflection and d becomes the period of the multilayer. The influence [20] :
and (1) is the expectation value of the intensity 1.
For a specific coating at a specific grazing angle the reflectivity can differ considerably from its expectation value (see Fig. 6 ).
The expectation value for the reflectivity (R) at a maximum of order m for non-accumulating thickness errors is given by [4] where R12 is the reflectivity from a single boundary (or the intensity from one opening in the grating) and ~0394~2~ is the variance in the phase cp due to random thickness errors (Eq. (11) (28) and (36).
The discontinuity in the slope of the curve for accumulating errors occurs where N coh is replaced by N for Neoh &#x3E; N. The bottom scale is proportional to sin 03B8 for a specific coating (see Eq. (Sa)).
The ratio between the maxima and minima r in the reflectivity curve (the ratio between the top and bottom curves in Fig. 7 ) can be used to obtain the variance ~0394~2~ :
Equation (29) gives the thickness errors in a coating from a simple inspection of the measured reflectivity curve in the range where the vector model is valid.
For an error-free coating the maxima are a factor sin2 y N 2 higher than the surrounding minima and the decrease of the ratio is a measure for the errors.
The ratios obtained are the same for rough and smooth boundaries, i.e. the method gives the thickness error independent of roughness. We can express the error in cp by a thickness error (Eq. (5) [21] obtained from monitoring the reflectivity during film deposition and with tests of the coating near normal incidence with soft X-rays. [4] .
The coating in figure 9 figure 9 we obtain the standard deviation of the thickness errors from equation (31) as Ad = 0.2 Â. This leads to a phase error 0394~ = 0.026 at the first order peak and yields a value N cob = 1 400, a value considerably larger than the actual number of layers in the coating. We conclude that thickness errors do not reduce the reflectivity of the first order maximum in figure 9. 4. Summary.
The structure of a multilayer mirror in the direction normal to the layers can be deduced from a measured reflectivity curve. For a reliable reconstruction the number of data points in the measurement should be considerably larger than the number of free parameters in the structure. Reflectivity measurements at short X-ray wavelengths are preferred over measurements in the soft X-ray range 
